**Non-Mineralized and Mineralized Collagen Scaffolds Induce Differential Osteogenic Signaling Pathways in Human Mesenchymal Stem Cells**

**INTRODUCTION:** The instructive capabilities of extracellular matrix components in progenitor cell differentiation have recently generated significant interest in the development of bioinspired materials for regenerative applications. Previously, we described a correlation between the osteogenic capabilities of nanoparticulate mineralized collagen glycosaminoglycan scaffolds (MC-GAG) and an autogenous activation of Smad1/5 in the canonical bone morphogenetic protein receptor (BMPR) pathway with a diminished ERK1/2 activation when compared to non-mineralized scaffolds (Col-GAG). In this work, we utilize a canonical BMPR inhibitor, DMH1, and an inhibitor of the MEK/ERK cascade, PD98059, to characterize the necessity of each pathway for osteogenesis.

**METHODS:** hMSCs were cultured in osteogenic media on Col-GAG or MC-GAG scaffolds. Scaffolds were untreated or treated with the DMH1 or PD98059 at 50 mM for 4 days, 14 days, 24 days, 4 weeks, and 8 weeks. Gene and protein expression were measured using quantitative RT-PCR and western blot analysis. Scaffolds were subjected to histochemical and micro-computed tomographic analyses.

**RESULTS:** Inhibition of the BMPR signaling pathway inhibited Runx2 and BSPII gene expression of primary human mesenchymal stem cells (hMSCs) on MC-GAG. In contrast, inhibition of the MEK/ERK axis downregulated BSPII expression on Col-GAG independent of Runx2 expression. While inhibition of the BMPR signaling pathway resulted in decreased mineralization on both Col-GAG and MC-GAG, inhibition of the MEK/ERK axis only affected mineralization on Col-GAG. When the mechanistic detais were evaluated in greater detail, inhibition of the BMPR pathway reduced both Smad1/5 phosphorylation and Runx2 protein expression on both MC-GAG and Col-GAG. Inhibition of the MEK/ERK axis downregulated phosphorylation of ERK1/2 and JNK1/2 without affecting Smad1/5 phosphorylation or Runx2 expression.

**CONCLUSION:** Interactions between hMSCs and collagen-based materials result in mechanistic differences in osteogenesis. Activation of the canonical BMPR signaling is required for osteogenic differentiation and mineralization of hMSCs on Col-GAG or MC-GAG. The MEK/ERK cascade, intimately tied to JNK activation, is necessary for Runx2-independent osteogenesis on Col-GAG, while completely dispensable in osteogenesis on MC-GAG.
